In view of this, the government through the Malaysian Rubber Board (MRB) has addressed these issues by implementing the National Key Economic Area (NKEA) for rubber. There are four Entry Project Points (EPP) in NKEA for rubber, namely, increase average national rubber productivity to 2000 kg/ha/year by 2020, ensure the sustainability of the upstream rubber industry, increase world market share of latex gloves to 65% by 2020 and commercialisation of Ekoprena® and Pureprena® (Green rubber). To address the issue of decreased in rubber hectarage, there are five strategies in EPP 2 which include increasing planting area by 40,000 hectares per year, to expand rubber area by new planting 20,000 hectares per year, to accelerate replanting by high yielding clones, promote the mechanisation and automation and enhance adoption of the latest technology in latex harvesting j.
The agro-management inputs help to correct or ameliorate the inherent limitations of the soils. Thus, the inputs will reduce the differences in yield and growth of the rubber trees between the soil management groups. However, not all of the soil limitations can be corrected or ameliorated 2. Drainage which influences growth of rubber could be due to either excessive or poor drainage 3. The internal drainage is influenced by soil texture and structure where clayey soils, are poor in structure, and have less vertical and lateral water movement 4. Previous research in the Rubber Research Institute of Malaysia (RRIM) has shown that heterogeneity of rock types in Peninsular Malaysia where the soils were derived from are characterised by different morphological and physio-chemical properties. Different soil properties can be broadly correlated with the yield and growth patterns i. e. Hevea growing on deep good structured and well-drained soils show better performance s. In addition, Chan et. al. 4, 6 recommended that in order to view different soil properties, selective agro-management inputs are necessary to conserve soil fertility and increase rubber productivity. Therefore, on the basis of these findings it is feit that knowledge ofthe distribution and properties of soils under rubber is an essential prerequisite for proper and efficient planning.
Chan and Pushparajah 5 reported that there is a significant influence of soil series on Hevea yields. The assessment has enabled ranking of rubber growing soils in Peninsular Malaysia according to their productivity. However, detailed variations of chemical, morphological and physiographic properties, e.g. soil texture, depth and slope can occur even within the limits of a soil series and these in turn influence productivity. Distinct patches of uneven growth or yield performance are 44 common within a given field, particularly on soils derived from alluvial parent materials. Generally, this non-uniformity of growth is due to soil textural variation and the patches of poor growth or performance are likely to be found on sandier soils 6. There can be excessive leaching losses due to lack of clay to retain moisture and nutrients, besides the inherent soil fertility being poor 7. Generally, patterns of better Hevea performance are also found in areas with deeper soils depth to water table and this has been attributed to the greater soil volume and area above the water table for root action and nutrient uptake 4. The objectives ofthis study are to evaluate the growth and physiological traits of RRIM 300 I planted in non-traditional areas which are Gajah Mati and Jabil series and to measure the optimum rate of fertil izer for RRIM 3001 planted in these soils.
MATERIALS AND METHODS
This study was conducted at Kampung Chin Chin and Kampung Kelubi, Jasin, Melaka. RRIM 3001 known as "Klon 1 Malaysia" is a highly productive rubber clone was treated with four levels of fertilizer rates at three months interval for aperiod of one year. The fertilizer rates were divided into four levels, unfertilized, 0 gram/tree/year, 480 gram/tree/ year, 720 gram/tree/year and 960 gram/tree/ year. NPK Yellow fertilizer (15:15:6:4) was applied at the 2 nd month after planting on the ground. Details offertilization programme are simplified in Table 1 .
The experiment was subjected to randomised complete block design (RCBD) with three replications. The study duration was one year. Data on growth such as plant height, girth and foliar analysis were taken and analysed at the end of this study. Plant height was measured from the soil surface to the shoot tip by using standard measuring tape and marked with permanent marker to avoid fading. The subsequent reading was usually from the previously marked area. The plant girth size reading was measured at the 75 cm from the soil surface using digital Venier caliper. Initial area measured was marked with permanent marker where subsequent readings will be made. For pedological study, soil sampie was collected from each horizon at short depth intervals of soil profile for determination of physical and chemical properties. For foliar analysis, the leaf sampies were dried in a glass bottle overnight at 100°C. The glass bottle with sampies were covered and put into a desiccator for Ih at room temperature after which 1 g was weighed and put into a silica disko Then, they are ignited in an electrical furnace for 5h at 550°C. The sampie was next added with 1 ml of HCI and dried on a hotplate for 2h at 200°C. This was followed by adding 4 ml of 20% HN0 3 into the silica disk, covering it with glass and drying for Ih at 100°C. The sampie was then decanted into 50 ml volumetric flask using filter paper no. 2 with boiling water. The solution was made up to 50 ml and ready for further analysis. The Gajah Mati series is a member of clayey-skeletal, kaolinitic, isohyperthermic, family of the typic paleudult. Gajah Mati series is a lateritic soil with rounded and sub rounded lateritic gravels occurring in the upper 67 cm of the profile overlying laterite shale parent materials. The fine earth fraction is heavy clay. Chemically, the soil is depleted of bases and has low cation exchange capacity (CEC) and effective cation exchange capacity (ECEC), which is less than 12 cmol( +) kg clay and 16 cmol( +) kg clay. Clay skins are present in the B horizon indicating clay has migrated down the profile. The Gajah Mati series differs from the Malacca series in having 7.5YR or 1 OYR hues at 50 cm and has an argillic/kandic horizon 8.
RESULTS

Soil Properties
Soil Chemical Properties
These two soil series had been selected in this study because of their characteristics not suitable for rubber plantation where Gajah Mati is lateritic soil whereas Jabil is poor in term of drainage.
The soil chemical properties after one year period of experiment of Jabil series are presented in Table 2 . The value of CEC in the soil was in the range of 2.00 -4.00 cmol(+)/ kg. This indicates that CEC is very low and it shows the limitation ofthe soil to retain cations. The pR value in the soil is in the range of 4.00 to 5.00 showing that the soil is acidic. The result shows that there is significant difference between interaction of depth and fertilizer on nutrient content of nitrogen (N), phosphorus (P), and magnesium (Mg) but no significant interaction on potassium (K) in Jabil series after one year of fertilizer application. The interaction between the soil depth and the fertilizer treatments occurred due to fertilizer treatments of Tl, T2, T3 and T 4 at a depth of 15-45 cm (subsoil) which had higher content The results in Table 3 showed that N, P, K and Mg increased significantly from depth ofO-15 cm (topsoil) to 15- The fertilizer treatments had significant effect on nutrient content of N, P, K and Mg as shown in Table 4 . The fertilizer treatment of T4 showed the highest value followed by T3 and T2 while Tl showed the lowest. The fertilizer treatments of T4 had higher content ofN compared to TI with the value ofO.380 > 0.136 respectively. A similar trend was observed on nutrient content of P, K and Mg with values of 618> 313, 1797> 1038 and 376 > 269, respectively. The results showed that the fertilizer treatment of T4 gave the highest value compared to other treatment on soil nutrient content in the labil series. The soil nutrient content ofN, P, K and Mg after one year offertilizer application on Gajah Mati series is represented in Table 5 . The value of CEC which is 2.00 to 4.00 cmol(+)/ kg shows that the cation exchange capacity in the soil is low and limited. The pH value in the soil ranges from 4.00 to 5.00 shows that the soil is acidic. There were significant differences between interaction of depth and fertilizer on all the nutrient content of N, P, K and Mg. The interaction between the soil depth and the fertilizer treatments occurred due to fertilizer treatment of T2 and T4 at a depth of 0-15 cm (topsoil) which had higher content of N compared to a depth of 15-45 cm (subsoil) with values ofO.087 > 0.085 and 0.563> 0.243 respectively. A similar trend was observed on the nutrient content of K where the fertilizertreatments ofTI, T2 and T4 at a 48 depth ofO-15 cm (topsoil) had higher content compared to a depth of 15-45 cm (subsoil). The fertilizer treatment of T 4 at a depth of 0-15 cm had higher content of K compared to a depth of 15-45 cm with a value of 1684 > 1490. The nutrient content of P showed that all treatments at depth 15-45 cm (subsoil) had higher value compared to depth at 0-15 cm (topsoil). The fertilizer treatment of T4 at a depth of 15-45 cm (subsoil) had higher value compared to a depth of 0-15 cm (topsoil) with a value of 376> 263, respectively. Results of the nutrient contents of Mg showed that the fertilizer treatment of T3 at a depth of 0-15 cm (topsoil) had higher content compared to a depth of 15-45 cm (subsoil) whereas the fertilizer treatment of TI, T2 and T4 had higher value at a depth of 15-45 cm (subsoil) compared to a depth of 0-15 cm (topsoil). The soil analysis (Table 6) shows that there were significant differences between depth of 0-15 cm (top soil) and 15-45 cm (subsoil) on the nutrient content ofN, P, K and Mg in Gajah The soil nutrients content analysed in Gajah Mati series based on the fertilizer treatment is presented in Table 7 . The fertilizer treatments had significant differences on all the nutrients content of N, P, K and Mg after one year of fertilizer application. The fertilizer treatment of T4 showed the highest value followed by T3, T2 and TI ofN, P, K and Mg. Meanwhile 
Plant Height
Mean comparison of total plant height increment of RRlM 3001 planted in Gajah Mati and labil series are presented in Figure  1 . The results showed that there is a significant difference in term of total mean of plant height increment of RRlM 3001 between them. The Gajah Mati series showed better performance in term of plant height based on ANOVA and LSD Test of probability (P<0.05) after one year of planting.
Total Plant Height Increment
The result indicates that RRlM 3001 significantly responded to fertilizer rates as 
Plant Girth
The growth vigour of clone RRlM 3001 was evaluated through the girth measurements at the height of75 cm above ground. The total mean girth increment (ern) of the clone from the different treatments based on the Gajah Mati and labil series are presented in Figure  4 . Gajah Mati series supported plant physical traits such as girth size when compared to labil series and there was significant difference among the fertilizer treatment. RRIM 3001 planted on Gajah Mati series achieved 8.6 cm in girth increment followed by labil series which is 6.4 cm. The results show that RRlM 3001 planted on Gajah Mati series performed better in terms of girth measurement compared to Jabi1 series based on ANOVA and LSD Test at the probability level of (P<0.05).
Total Plant Girth Increment
Plant girth increment of clone RRIM 3001 significant1y responded to fertilizer rates as y = -0.0000122x 2 + 0.0160438x + 5.037 with the increment of fertilizer at 658 gram/tree/ year and gained maximum girth size increment of 10.3 cm/year. The girth size responded in a quadratic manner after which there was a decrease in the Gajah Mati series (Figure 5 ). In the Jabil series, the clone of RRIM 3001 significantly responded to fertilizer rates as y = -0.000012x 2 + 0.017144x + 2.243 with increment in ferti1izer at 715 gram/tree/year and gives maximum girth of8.37 cm/year. The girth size responded in a quadratic manner after which there was a decrease in the Jabil series ( Figure 6 ). 
Plant Girth
Hevea Nutrition
Nutrients such as N, P, K and Mg were analysed and compared to the critical nutrient values which is a standard range of nutrient in immature rubber leaves. lt was divided into three basic ranges namely deficient, sufficient and excess. Table 8 showed the classification of nutrient content according to the treatments and soil series. For both types of soil series, the fertilizer treatment of Tl showed that the RRIM 300 I was deficient in nutrient. All major nutrients in these plants were insufficient for foliar analysis. The results showed that T2, T3 and T4 had excess Nitrogen (N) for both soils except the Jabil series for T2, which had sufficient N. In Gajah Mati series, all treatments showed deficiency in P whereas T2, T3 and T4 showed sufficient levels of P in Jabil series. On the other hand, Gajah Mati and Jabil series showed the same level of K content, which is insufficient of K content between all treatments, while Mg showed sufficient level for all treatments in both soil series.
From the result, it can be concluded that current fertilizer recommendation was not at optimum level for the Gajah Mati which 54 is low in K and P while the Jabil series had insufficient P content in foliar analysis.
DTSCUSSTON
Fertilizer is defined as a substance that provides nutrients to the plants for their growth and enables it to function weIl. Pushparajah and Yew 9 noted that different soil series on different terrain and topography in Peninsular Malaysia has different inherent physical and chemical characteristics and thus, influence the yield and performance of Hevea. This is an agreement with the fertilizer recommendation ofMalaysian Rubber Board 10. In addition, the inherent chemical and physical properties of the soil series under which Hevea is cultivated are varied.
Soil pH can be said to be a measure of the acidity or alkalinity of the soil solution. In this study, the soil pH of Gajah Mati and Jabil series were in the range of 4 to 5 showing that these soils are acidic. However, Anon 11 emphasised in the previous study that the most commonly quoted pH range for satisfactory growth for Hevea is from 4 to 6.5. The soil pH slightly increases with the different rates Gajah Mati showed better performance compared to labil series in terms of plant growth of RRIM 3001. In this study, the girth increment achieved 8.6 cm/year on Gajah Mati while 6.4 cm/year on labil series in one year immaturity period. Masahuling 12 reported that the girth increment of RRIM 3001 during immaturity period was obviously high with 12.5 cm/year and 9.6 55 cm/year in sm all scale clone trial (SSCT) and large scale clone trial (LSCT) respectively. This is attributed to the drainage status where Gajah Mati is weH drained while labil is poorly drained. This was also reported in the previous study by Noordin 13 who noted that Hevea growing on deep, good structured and well drained soils show better performance.
In Gajah Mati series, the nitrogen content is higher on the topsoil compared to the subsoil while in labil, the subsoil showed higher of nitrogen content compared to the topsoil. This is consistent with the findings by Pushparajah and Guha 15 which reported that the nitrogen requirements of rubber varied with the soil types and soil nitrogen status. However, Guha and Yeow 16 reported that the content oftotal nitrogen is lower in the subsoil compared to the topsoi!. The soil nutrient content of phosphorus showed higher content in the subsoil compared to the topsoil in Gajah Mati and Jabil series. Pushparajah 1S noted that the phosphorus requirements of rubber vary with the phosphorus contents of the soi!. In terms of potassium content, the subsoil had higher content compared to the topsoil in Jabil whereas in Gajah Mati, the soil nutrient content of potassium is higher in the topsoil compared to the subsoil. However, Soong and Lau 17 reported that potassium had greater mobility and is easily leached from the surface layer to the sub-surface layer. Hence, there is a tendency for the subsoil to have greater total potassium contents than the topsoi!.
In Hevea nutrition, Gajah Mati showed low phosphorus and potassium whereas Jabil lacks of potassium compared to the nutrient sufficiency levels for all treatments. This is due to the low content of potassium used in NPK Yellow fertilizer. However, Chan 6 demonstrated that variations of some of the soil properties such as soil depth, texture and slope can influence leaf nutrient content.
CONCLUSION
In this study, it was shown that rubber tree depended on a range of complementary physiological and morphological characteristics for its growth performance based on type of soil series and fertilizer. The Gajah Mati series showed better performance in term of height and girth measurement compared to the Jabil series. The fertilizer rate of 960 g/tree per year showed the highest value in total soil nutrient content such as N, P, K and Mg compared to other treatments. This result indicates the best rate of fertilizer application for RRIM 3001 planted on Gajah 56 Mati and Jabil series. However, without fertilizer application, it showed the lowest value in soil nutrient content.
The data on growth ofRRIM 3001 planted on Gajah Mati and Jabil series showed that adequate rate of fertilizer depends on the type of soil. This study, indicates that the recommended rate of fertilizer is inadequate and hence, extra dosage of fertilizer would be necessary. From this study, it is recommended that for non-traditional areas, fertilizer use should be applied 37% extra compared to the recommended rates of fertilizer on Gajah Mati series, and 49% extra on Jabil compared to the recommended rates in order to obtain the maximum girth (cm/year). However, the result obtained in terms of plant height and girth measurement showed that Gajah Mati series recorded better performance compared to Jabil series. The management of fertilizer application should be revised in order to optimise the nutrient use efficiency.
lt was found that for non-traditional areas, fertilizer rate should be applied more than the recommended rate and should contain higher Potassium (K) compared to the NPK Yellow (15:15:6:4). Therefore, the new formulation of fertilizer especially on the ratio nutrient should be studied further on non-traditional areas specifically during immature periods. 
